We sought to investigate the association between new-onset atrial fibrillation after coronary artery bypass graft (CABG) (post-operative atrial fibrillation [POAF]) and long-term mortality in patients with no history of atrial fibrillation.
Results
New-onset AF occurred in 2,985 (18.5%) patients undergoing CABG. POAF independently predicted long-term mortality (hazard ratio: 1.21; 95% confidence interval: 1.12 to 1.32) during a mean follow-up of 6 years (range 0 to 12.5 years). This association remained true after excluding from the analysis those patients who died inhospital after surgery (hazard ratio: 1.21; 95% confidence interval: 1.11 to 1.32). Patients with POAF discharged on warfarin experienced reduced mortality during follow-up.
Conclusions
In this large cohort of patients, POAF predicted long-term mortality. Warfarin anticoagulation may improve survival in POAF. Atrial fibrillation (AF) develops in 15% to 30% of patients undergoing isolated coronary artery bypass graft (CABG) (1) (2) (3) (4) (5) . Post-CABG AF is associated with a longer hospital stay and increased perioperative morbidity and early mortality (6 -8) . Other studies have also suggested that post-CABG AF affects long-term survival (5, 9) . The impact of new-onset AF after CABG has not been thoroughly addressed because many of these analyses did not exclude patients with pre-existing paroxysmal AF (5, 9) . A history of AF predicts increased mortality in population-based studies (10) , in patients with heart failure (11) , and in patients with known coronary artery disease (12) . Therefore, a history of AF before undergoing CABG may also be a risk factor for mortality (13, 14) after surgery. Whether new-onset AF after CABG, often considered a transient phenomenon (15) , really predicts long-term mortality remains unanswered. We analyzed the effect of new-onset AF in patients undergoing CABG to determine whether it has an impact on long-term mortality.
Methods

Study protocol.
We searched the Society of Thoracic Surgeons Adult Cardiac Database to identify consecutive patients with no history of AF or flutter who underwent isolated CABG at Emory University Hospital or Emory Crawford Long Hospital between January 1, 1996, and December 31, 2007 . The study sample consists of 16,169 patients. Extracted records include demographic data, pre-existing comorbidities, and clinical outcomes. The Emory University Institutional Review Board approved the protocol in compliance with Health Insurance Portability and Accountability Act standards and the Declaration of Helsinki. The Institutional Review Board waived obtaining individual informed consent before obtaining the data on these patients.
We identified the primary study variable as the new onset of AF after CABG (post-operative atrial fibrillation [POAF] ). Therefore, we excluded any patient with a pre-operative history of paroxysmal or persistent AF. Pre-operative history of AF is a variable entered into the Society of Thoracic Surgeons (STS) database and obtained by chart review and patient interview. The study defines POAF according to the established STS definition, which defines new-onset AF as the occurrence of POAF or atrial flutter requiring treatment (i.e., beta-blockers, calcium-channel blockers, amiodarone, anticoagulation, or cardioversion).
The primary end point, the survival time after surgery, used the date of death of patients in the cohort, as identified by the Social Security Death Index (SSDI), a publicly available national database of death records extracted from the U.S. Social Security Administration's Death Master File Extract. The SSDI provided the date of death for each patient who died before the cutoff date of June 30, 2008 , allowing computation of the Kaplan-Meier product-limit estimates and associated Cox regressions. Because the SSDI does not describe the cause of death, the analysis describes all-cause long-term mortality.
To better ascertain the isolated effect of POAF on long-term survival, 32 covariates of long-term mortality risk were identified and harvested from the STS database for use in a risk-adjustment analysis, using standard STS definitions for each risk factor and outcome. The covariates analyzed included age, sex, race, left ventricular ejection fraction, history of myocardial infarction, index myocardial infarction, congestive heart failure (CHF), New York Heart Association functional class, stroke, hypertension, diabetes mellitus, renal failure, dyslipidemia, smoking, chronic obstructive lung disease, peripheral vascular disease, the presence of left main disease (Ն50%), last creatinine level, dialysis status, elective versus nonelective CABG, redo surgery, and the presence of any valvular disorder or post-operative complications (myocardial infarction, stroke, intra-aortic balloon pump, and post-operative respiratory distress syndrome). We also analyzed the effect of any discharge medications known to influence survival in patients with coronary artery disease. These included angiotensin-converting enzyme inhibitors, beta-blockers, lipid-lowering agents, amiodarone, aspirin, clopidogrel, and warfarin.
We also examined the use and impact of warfarin anticoagulation after discharge on survival.
Management of patients with POAF.
It is our practice to restore sinus rhythm in the majority of patients within 24 to 48 hours after the onset of POAF with the use of antiarrhythmic drugs (AADs) or by electrical cardioversion. Patients who are discharged home in AF are maintained on warfarin (in the absence of any contraindication) and referred for cardioversion in 4 to 6 weeks. Patients discharged home on AADs are followed up in the cardiology clinic in 3 months. In the absence of evidence of AF recurrence, their AADs are stopped. The decision to stop warfarin in this case is left to the cardiologist's discretion. Thirty-day event recorder is performed on these patients after stopping their AADs and on any symptoms suggestive of AF recurrence. Initiation of warfarin therapy in a patient with POAF is a decision left to the cardiologist and the cardiovascular surgery team caring for the patient. Statistical analysis. Trained personnel devoted exclusively to the task created and maintained a medical records database. Data were 100% complete for POAF and survival time. Data were missing for the following pre-operative characteristics: ejection fraction (n ϭ 2,120, 13.1%); race (n ϭ 348, 2.2%); and last creatinine level (n ϭ 3,971, 24.6%). Multiple checks for data quality were performed both at the institutional level and before final entry into the STS national adult cardiac database.
A multiple imputation algorithm was used to impute missing values so that the whole sample could be analyzed to avoid selection bias that can occur by deleting cases with missing covariates. Ten datasets were imputed and estimates from these datasets were combined using methods described by Molenberghs et al. (16) . Values that were missing were assumed to be missing at random.
To statistically evaluate the isolated effect of POAF on mortality, a multivariate Cox proportional hazards regression model was constructed that related survival time as a function of POAF, adjusting for the 32 covariates. Adjusted hazard ratios (HRs), along with 95% confidence intervals (CIs), were computed for POAF and the 32 covariates. The proportional hazards assumption was verified by a correlation analysis between the Schoenfeld residuals and ranked follow-up time.
Additionally, Kaplan-Meier product-limit estimates were generated to provide survival estimates at post-operative points in time. The Kaplan-Meier estimates for POAF status were compared for equality using log-rank tests.
Data were managed and analyzed using SAS Version 9.2 (SAS Institute Cary, North Carolina). The chi-square tests and 2-sample t tests for categorical and continuous predic- El-Chami et al. March 30, 2010 March 30, :1370 AF After CABG and Long-Term Mortality tors, respectively, performed unadjusted comparisons. All statistical tests were 2 sided using an ␣ ϭ 0.05 level of significance. No adjustments for multiple tests were made.
Results
Cohort characteristics. Table 1 summarizes the characteristics of the study population. The group consists of a majority of white men, mean age 61.7 years, of whom 75% had hypertension, 35% had diabetes, and 15% had a diagnosis of CHF. The CABG procedure was performed without cardiopulmonary bypass in 41.5% of patients. POAF occurred in 2,985 (18.5%) patients. Tables 2 and 3 summarize the characteristics of the cohort based on the presence or absence of POAF. Patients with POAF were older and more likely to have known pre-operative risk factors for AF or increased mortality (Table 2 ). They were also more likely to have post-operative complications, including stroke, renal failure, and respiratory failure, and more likely to require an intra-aortic balloon pump for hemodynamic support (Table 3 ). The patients with POAF had a longer hospital stays than patients in whom AF did not develop (9.1 days vs. 5.4 days, p Ͻ 0.001).
Assessment of the medications upon discharge shows that patients with POAF were less likely to be discharged and receiving a beta-blocker, statin, or antiplatelet agent and were more likely to be discharged and receiving amiodarone and warfarin (Table 4) . Only 20.5% of patients with AF were discharged and receiving warfarin. Survival analysis. POAF was associated with an increased risk of mortality over a mean follow-up period of 6 years (range 0 to 12 years). The unadjusted HR estimate for the effect of POAF on mortality measured 1.85 (95% CI: 1.71 to 1.99; p Ͻ 0.001). As shown previously, patients with POAF are a sicker cohort with more comorbid conditions and post-operative complications. The adjusted HR for POAF was still statistically significant after adjusting for the effect of 32 different covariates (HR: 1.21, 95% CI: 1.12 to 1.32; p Ͻ 0.001). The Kaplan-Meier survival curves (Fig. 1 Values are n (%). Abbreviation as in Table 2 . Values are n (%). Abbreviation as in Table 2 . appears early and increases with time (6% at 1 year and 15% at 10 years). The initial analysis includes all patients who died during the initial hospitalization. To further elucidate the role of POAF on long-term survival and to exclude the confounding effect of in-hospital mortality possibly associated with POAF, the patients who died before discharge were deleted from a secondary analysis. The negative impact of POAF on survival remained unchanged in this selected sample of patients who survived the initial hospitalization (HR: 1.21, 95% CI: 1.11 to 1.32; p Ͻ 0.001). As mentioned previously, 20.5% of patients in whom POAF developed were discharged and receiving warfarin anticoagulation. Adjusting for the same 32 covariates, the adjusted effect of warfarin on mortality in POAF patients seems to be protective (HR: 0.78, 95% CI: 0.66 to 0.92). Therefore, patients with POAF discharged and receiving warfarin experienced a 22% relative reduction in mortality compared with POAF patients not receiving warfarin at discharge. Patients with POAF receiving warfarin on discharge were more likely to have an ejection fraction Ͻ30%, CHF, peripheral vascular disease, hypertension, dyslipidemia, and diabetes ( Table 5 ). The analysis did not address continual use of warfarin during the follow-up period.
Discharge Medications by Presence of Atrial Fibrillation
Discussion
This retrospective evaluation of more than 16,000 consecutive patients undergoing CABG finds an association be- Values are n (%) unless otherwise indicated. Abbreviation as in Table 2 .
Demographic and Pre-Operative Risk Factors for POAF Patients by Warfarin Use
1373 JACC Vol. 55, No. 13, 2010 El-Chami et al. March 30, 2010 March 30, :1370 AF After CABG and Long-Term Mortality tween POAF and a 21% relative increase in mortality. This increase was true after controlling for multiple demographic variables, pre-operative risk factors, post-operative complications, and use of discharge medications. Of note, the survival difference emerged early and increased over time, with a 10-year survival rate of 55% in the POAF group compared with 70% in the no-AF group. In addition, this survival difference was seen in different identified subgroups (a trend was observed in nonwhite patients and in patients undergoing off-pump coronary bypass) ( Table 6 ). In particular, POAF had the greatest negative impact on long-term survival in women (HR: 1.46, 5% CI: 1.27 to 1.67) ( Table 6 ).
In patients in whom POAF developed, warfarin use at discharge was associated with a lower long-term mortality. The use of warfarin was not controlled, and the difference in mortality in patients with POAF was purely observational. However, the group receiving warfarin seems to be a somewhat sicker population with higher demographic and pre-operative risk factors. The lower long-term mortality in the POAF group receiving warfarin suggests a protective effect, perhaps from prevention of thromboembolism and stroke. The continuing divergence of the POAF and no-POAF survival curves over time should prompt reconsideration of the label given to new-onset POAF as a benign, transient phenomenon. Also, the observed association between use of warfarin at discharge in patients with POAF and reduced long-term mortality should prompt further study of the use of warfarin in POAF, perhaps in a randomized, controlled fashion. Comparison with previous studies. Our report is not the first analysis of POAF in patients undergoing CABG. Mariscalco et al. (9) addressed new-onset POAF in a study of CABG at 2 Italian centers. They reported findings in 1,832 patients undergoing isolated CABG; POAF occurred in 31% of patients and was associated with increased shortand long-term mortality. However, those investigators did not exclude patients with a history of paroxysmal AF from the analysis of POAF after CABG. Because a history of AF is associated with increased mortality in population studies and in patients with coronary artery disease, their reported association between POAF and mortality could have been biased by the effect of pre-existing AF on long-term mortality in patients with coronary artery disease requiring CABG. The study also lost 8% of patients to follow-up and therefore potentially lacked mortality data on those individuals. Use of the SSDI made mortality data available for all the patients included in our study. Interestingly, the Italian study determined the cause-specific mortality in POAF and identified the main cause of death in patients with POAF as embolic events. Paradoxically, warfarin therapy was associated with higher long-term mortality. The authors acknowledged that warfarin was prescribed in a sicker cohort of patients. One must note that the total number of patients with POAF discharged on warfarin was relatively small (n ϭ 90) compared with our study, which included more than 600 patients with POAF discharged and receiving warfarin.
Villareal et al. (5) reported an association between POAF and late mortality in 6,475 patients undergoing first-time revascularization surgery at the Texas Heart Institute. POAF occurred in 16% patients. Those patients with POAF appeared to be older and sicker than those without POAF, a finding consistently seen in other studies (17) (18) (19) (20) and in ours. Although the investigators adjusted for many comorbid conditions when testing the effect of POAF on mortality, they did not account for the effect of race (21, 22) , ejection fraction (23), the presence of concomitant valve disease (15) , dialysis (24) , left main coronary artery disease (25) , or creatinine level (26, 27) . The Texas Heart Institute study did not find an association between warfarin use on discharge and reduced mortality in POAF. The relatively small number of patients studied and discharged receiving warfarin may have prevented meaningful analysis. Study implications. The possible impact of POAF on longterm mortality undermines the notion that newly diagnosed, seemingly transient, post-CABG AF represents a benign event in these patients. Furthermore, the association between warfarin use and decreased long-term mortality in POAF patients suggests that a protective effect against thromboembolic stroke, the major cause of death attributable to AF, may have been responsible for the benefit. We detected a greater association between POAF and mortality in women (HR: 1.46, 95% CI: 1.27 to 1.67 vs. the general population estimated HR of 1.21), consistent with the observation that women with AF have a higher risk of stroke compared with men (28) .
The notion that POAF can be attributed to post-operative inflammation and oxidative stress (29 -31) may suggest that it is a transient phenomenon and may explain the low use of warfarin in patients with POAF. The rates of warfarin use reported in this setting in Europe (16%) (9) and the U.S. (14%) (5) were slightly below that of our cohort. Patients receiving warfarin on discharge in our population exhibited greatest risk of stroke based on the presence of diabetes, hypertension, or CHF ( Abbreviation as in Table 2 .
in our population suggest the need for controlled, randomized analysis of warfarin use in newly diagnosed POAF. Our observations suggest that in the absence of data from controlled trials, one should consider the need for warfarin therapy in patients with newly diagnosed post-CABG AF and known risk factors for stroke (CHF, hypertension, age older than 75 years, diabetes, or previous stroke). Study limitations. This report involves a retrospective and observational analysis of single-center data on post-CABG. Our regression model contains 32 covariates that pose a potential for model overfitting and other associated estimation problems. The STS database was not designed to assess the effect of POAF on long-term mortality, so some unknown variables that confound this association may not have been analyzed. Furthermore, the STS database defines AF as requiring specific therapy such as medication or direct current cardioversion. Clearly, shorter episodes of AF for which therapy is not administered would not have been classified and would have been excluded from the analysis. Whether AF not requiring therapy affects long-term mortality cannot be answered by this analysis. Use of warfarin for POAF was not controlled or randomized. Physician discretion, based on individual patient characteristics, led to its prescription. We also cannot determine the duration of warfarin therapy or its effectiveness based on therapeutic international normalized ratio targets, nor do we have specific data on bleeding and stroke occurrence during follow-up. However, our observations do suggest that in a large cohort of patients without previous AF, the new onset of AF after CABG is associated with increased long-term mortality.
Conclusions
In this large cohort of patients undergoing isolated CABG, POAF is associated with greater long-term mortality. Warfarin use in patients with POAF was associated with 22% relative risk reduction of adjusted mortality. These findings implicate embolic events as a potential cause of death in patients with newly diagnosed POAF. Anticoagulation should be considered for patients with POAF and known risk factors for stroke.
